Posttranslational modifications control microtubule behavior, yet assigning roles to particular signals was hampered by lack of defined in vitro systems. In this issue of Cell, Valenstein and Roll-Mecak establish a biochemical platform to interrogate consequences of microtubule polyglutamylation, thereby providing important insights into the specificity and quantitative nature of cellular information transfer.
As cells navigate a rapidly changing environment, they employ intricate communication networks that translate intra-or extracellular signals into biological responses. Many of these cellular information highways are built around posttranslational modifications (PTMs) that regulate the activity, localization, or stability of signal transducers. A single modification, such as a phosphate group, might suffice to change a substrate's conformation or recruit an effector that leads to the desired signaling output. Modifiers, however, can also polymerize to establish more complex signaling devices, as seen with ubiquitin chains, glycosylation tags, or polyglutamate tails. When multiple PTMs are combined on the same target, as observed on many critical regulators of cell behavior, a staggering complexity of signals emerges that can efficiently encode a wide range of biological information. This is illustrated by the ''histone code,'' a series of PTMs that impinge on unstructured histone tails and recruit chromatin-modifiers or transcription factors to their chromosomal location (Ruthenburg et al., 2007) . Coaxing cells into revealing the mysteries of the histone code required defined biochemical settings to distinguish the effects of each PTM on particular recognition events. An elegant study in this issue of Cell demonstrates that the same can now be said of deciphering the roles of posttranslational modifications that specify the function of microtubules as organizers of cellular information transfer (Valenstein and Roll-Mecak, 2016) .
Microtubules perform crucial functions at distinct locations and defined times during the cell division cycle. They constitute the major structural element of the mitotic spindle that helps dividing cells to evenly segregate their chromosomes and execute cytokinesis. As building blocks for primary cilia, microtubules organize signaling cascades that underlie cell fate decisions during metazoan development. During interphase, cells contain multiple microtubule species with unique characteristics and functions. For example, while stable microtubules found in axons impart neuronal protein transport with directionality, the unstable microtubules that populate the dynamic growth cones can quickly react to instructive signals presented by the neuronal environment. Cells, therefore, tightly control microtubule stability and function, and they employ binding proteins and a battery of PTMs to achieve this goal (Janke and Bulinski, 2011; Schulze et al., 1987) .
Microtubules are decorated with PTMs that span a wide spectrum of chemistries (Janke and Bulinski, 2011) . Most axonal microtubules are detyrosinated and further labeled with acetate and polyglutamate marks. By contrast, the unstable growth cone microtubules are enriched in carboxy-terminal tyrosination and devoid of glutamate tails. As documented by polyglutamylation, i.e., addition of a string of glutamates to internal residues in the carboxy-termini of a-or b-tubulin, such PTMs have important consequences on microtubule function and stability. Indeed, polyglutamylated microtubules are the preferential substrate for the microtubule-severing enzyme spastin, which is required for such diverse events as neurogenesis, nuclear envelope breakdown or cytokinesis (Roll-Mecak and McNally, 2010) . Mutations in spastin lead to hereditary spastic paraplegia, which underscores the importance of regulated microtubule-severing and points toward a crucial role of polyglutamylation in human development and disease.
Deciphering the role of microtubule PTMs, such as polyglutamylation, has proven to be difficult. Such studies were hampered by traditional methods of tubulin purification, which was obtained from brain extracts by polymerization and depolymerization cycles that eradicated any information about the physiological context of a particular PTM. This problem was further compounded by the multiple tubulin isoforms that are expressed in brain. Building on recent progress in the field (Johnson et al., 2011) , Valenstein and Roll-Mecak address the issue of microtubule heterogeneity by obtaining recombinant microtubules devoid of any modifications. They then use known enzymes to decorate these microtubules with defined PTMs, the extent of which is analyzed by mass spectrometry. This strategy set the stage for testing the consequences of one particular PTM, polyglutamylation, on the function of one effector, spastin.
Confirming qualitative observations from cells , Valenstein and Roll-Mecak find that an increase in the length of polyglutamate tails improves the affinity of spastin for microtubules (Figure 1) . The linear correlation between the length of a polyglutamate tail and spastin's affinity for modified microtubules suggests that the local concentration of glutamates, rather than a complex allosteric or multivalent binding mode, mediates this binding event. Spastin initially translates the increase in affinity into more efficient microtubule severing. However, once the polyglutamate tail grows above an average length of eight glutamates, the specific activity of spastin in microtubule-severing drops, and spastin progressively turns from a severing into a microtubule-stabilizing protein. This change in behavior is likely caused by unproductive binding of spastin to long polyglutamate tails, which disrupts the mechanochemical coupling that coordinates microtubule recognition with the threading of the unstructured carboxy-terminus of tubulin into the central pore of spastin, a step thought to underlie the severing function of this AAA-ATPase. The inhibitory effect of long polyglutamate tails is also seen to operate in trans, with highly modified microtubules inhibiting the spastin-dependent severing of proximal unmodified microtubules.
By distilling the complexity of microtubule PTMs into a tractable system, this work should stimulate efforts in deciphering the role of PTMs in controlling cellular information flux at the microtubule and beyond. Akin to antibodies that detect ubiquitin chains of a particular topology (Newton et al., 2008) , a platform that allows for generation of defined PTMs paves the way for the development of methods that allow length measurements of polyglutamate tails in cells. Such experiments could reveal the cellular distribution of polyglutamylated microtubules and form the basis for the discovery of effectors that translate this PTM into biological responses. Moreover, while the current work provides an interesting static picture of polyglutamylation, cells contains opposing pairs of ligases that add glutamates and peptidases that remove them . Reminiscent of other polymeric PTMs, the length of a polyglutamate tail might be dynamically established by competing ligation and removal, which is predicted to allow cells to rapidly change the extent of this modification in response to signaling. As spastin binds to long tails in an unproductive manner, it is also conceivable that cells invest into proteins that restrict the length of glutamate tails. This would be reminiscent of the AAA-ATPase p97, which translates polyubiquitylation into protein complex disassembly, but also restricts ubiquitin chain length (Richly et al., 2005) . Thus, having established a platform to predictably modify microtubules opens up the door to analyze the effects of PTM combinations of microtubule chemistry and biology, providing an opportunity to decipher the ''tubulin code'' in its fullest.
